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Further, w find tbst tln ca~t~r and ●ai-
conductor i~ustri~s hm md~ ●vsilabla pro-
c~ooing 91_ontc that 611- tb practical mgi-
o.mriog of distributed -pting oysteu (mini-
●al dcrocmputars, dcroprocaosoro and micropro-
grrning chip-sots). ?mviouo problas of pbyai-
cml -ire, cost ●nd lhitd baoic mpabilitia
hava hn ●ilhtr o-ram or greatlyroducad; m
cm nw ●tlact iourponolvo, physically cap~ct
and hi~ly apablc aptitq &vicao for us. in
control at data =quioitim ●ysta4.

%rk portamd uidar t~ aopiao of tlm U. S.
Doparmmt of 8nuu.
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har&ara ●pproach to Cmt-ad proaociog io
limited by what io praetiul to isploant in the
●aJO of malicabla lo~c, lwuowmr.

An AUXILIARY ~ m PlmT-mD PmsIRc

A CAMC Ardliuy Cmtrollors t~t tMo An
optidmd for higWpd front-and procacoing
●pplicmtims ia o- in Pig. 2 and in block
dh~- fom in rig. 3.

Pig. 1.
Pront+nd ?rocaocing in ● UIUC Systa.

will ba •n~cially intwostad in tb cachniq~o
of fror.t-and ●nd dictributod procoooing diacuascd
in tbi~ pmpar. Such m ●rparbmt &ta ●ynt - io
illustrated in Fig. 1 mrd shm ● datoctor ●nd
mcodiq ●loctronico (UCUIIY &n@ in 8choLtky
~ or iKz integrated circuit technology and,
ttmrtfcm, vary fsnt), ● frost-md prowsaiug
&vim conoiscins of ● WC Auxilicry Controller
in ● stmdard WJL4CBi@vay syotm ad ● mntral
●spmhant cmputar.

Ttn ~natitwnt ●l-at- of m Auxil Iuy Con-

troller ●rt ●ztr=aly important; oacondary
trigg~r ~ncratim, ~ptod Aata-cute, data fil -
tming or ●or. dotailod data mmlycis i. data-
kirnd directly @ tlm ca~bility of tba Auxiliary
Controllm. A *oiPu cm ●ffact tln procaooin:
capability of m Adlimy Cmtrollor throqh tha
typ of aapdns ●l-ants included in th Co-
trollar md tlm my in which thn reputing ●lo-
● nt# an ●bla to iatmact with WC modulao .
Of UMMt, m Audliuy Cmtroll(,r &oi@od for
@t in front-red data procooaing ●pplication
wst h-, ●m ● prtisry ● -bar -f tlm controller
hioruaby, tlu fmt.ot pronaoaor ●lmont amil-
ablc; todsy, thio an Ody M achi~d ~ usi~
CM ttctdqmc of daropm~dnc and tho
bit-alimd, bipolar daroproooosor chip-octo
cumntly ●vaflabl~ f- 00IY ● far odcmductor
mau.fmt-r8.

Tb prototypa Auiliary Cmtrollor .l_anta
8re o- io rig, 2. Bach cl-ant i- contained
on ● CAMkC~ulc md it- ucbanics, and in ●oot
U-M only takao ~ar frm tba Dat_ay. The
Cmtrollar slmmtc me mnstrutod on WC
modules , in part to roduw tb ntmbar of ublea ,
connoctorc md pover nupplioo roquimd, wbilo
creating t~ cltiast posoibla mupling botwaan
tlmAuxiliary Comtrollcr md th imtrmmtatim
mdu~.an , Th controller ~Buo i. Iocatad m the
front of aach mdulc ard is courmctod to~ther by
● front mow.t;ag ‘bothtrbou&’ wlwn inotallad.

The block diagrm &picto th ●amral busses
in tha oyota-the WC Datmay, tba Auxiliary
Controller Bu- (ACB) and tha intorosl or LSI-11*
Q-Buo-and ●och .l_ant of tha Auxlliery Con-
trollm (M ● block) connected to tb Q-Bus , As
■antioncd, tlm controller is bmcd upon the
LSI-11/2 ●icrocmputar md tba ●onociatod intar-
faw bw, or Q-B@. Other controller ●l-ento
●ra interfaced to thin mrochronous bmdohske
data tranafar bus, and in-area
Datwmy.

TW mrious =_ory ●l-cnta
dynmic DAM (16 K), 2D0-ns MM,

~radomark - Dlgltal Equi~ont

C4sac to tl-tt

mailable uc HOS
W-n- EM and

Corpratim.

Pig. 2.
?mtoty’pa Atdliu, mtroll.r MOdu.16a.
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Fig. 3.~–_-–7
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Auxiliary Controller

Block Diagrm., ,,, .,..,.
.-. / .#,— ., -.. ,,/,
,4-

,.– .—.—

●rasable PBDH. W’hn the MW LSI-ll /23+ baccmeo
●vailabla, aingla board- containing ● 64K H~
dyomic MM will b uable witlmut mdifying tb
Lontrollar.

Two Controller rl.cnts oar- to amnaci thm
mit to tha WC Dat_ay. The Datmay ACCOOS

Port ●llmo ● tmntral com~tor to mmicata
with tho Controller @Bus frm tho Dstm*y (Aur
iliuy Controllu ■ aory loadins ur rmdouc); tln
Control Port providm tM Auxllimy Controller
with tlm ● -o to ioitiata Dst_ay CyCIU. Addi-
tionally, tho Control Pofi ubitrataa for nactar-
ohip of tlmDat@ay omr tlm Auxili=y Cmtroller
BU,2 sod it ●ay b wad to ●rtand tlm Auxil-
imy Controlla to four otbar crataa. Tt.m port
it ●bla to altmt-qcla tlm Datmay (300-M qcla,
witlwwt ●troba S2) ad cm ●xacutowdtiplc
qcIU, ao &oaibad in~af. 2. h latt-
faaturoo ●a ●spoclally usaful in front-red
proaosing ●ppliatia.

~ EIa-B?UDPE_81W ~

Th *A= tbt aablao tb Am Uy cm-
trollar to bocac m ●ffactiw froli.-cm! prw
OBmiagaviw it tlm *2M0, Spacid rroao~or
~oit(~). TtIioal_ati wsaotM*29~
folly bipolm, Oit-oliwd miuroprocoosor
dip-sat in a f-iliu wilka@7 daroprog!rdq

* A B8U product muom~t by MC (J~l y
1979)0

8tructur9. The SPU block diasrm, ?hmn in
Fig. 4, indicates how the uicrocoda sequencer
(AM-291O) ganeratcs the control ●mory ●ddress,
btsed wp)n faedback frm tk current imtruction
held in-a microinstruction pipalim registar.

-

1
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Fig. 5.
Sbacial Procamsor Microinstruction Formatc~-__—--- .-

A Schottky ~ Arithctic Logic Unit (ALU) io
● 16-bit-d* mit ●A& up of four, 4-bit ALU
OliC~# (AH-2901B) . Ths facility ia capbla of
●mcuting nicroirutrutims frrm ● 35-ns fur

link PBIM control ●=ory ●t ● 7*c clock rata
(142-no cycla ti=c). - SPU i- mda useful to
tha Auxili=y Controller through tha interfacac
olmm on tlw ri@t ●id9 of th8 ?ig. 4: Tlw CSR
(Control+tatuc h~imtm) providaa SW starun to
tlm LSI-11/2 and ● ●ano to start tln BPU ●t ●

opacific control ●-my ●ddrass; ● ●ot of oix
opaaial L~K-AT* (~) •i~al~ i. -~d f-
tlw Datrny, through tha Control Port, to tba SPU
f= toati~ mid s~aaqumt usa in Adrcon mn-
trol; a 16-bit by 16-m8iotm psrmator MM
suwc w a “Mil-born Mtwmn tb 241-11/2 and
th ~I&tha MM allow tha RU to b uBod ●s ●

fi-aro abroutirn facility with
●to’n ping into th MJ4 m asotu J’2x’flsr ●

@Ius htarfaa ●lla9 tb B?U to raqaot mtcr-
#hip of tlm @Bus and ‘.nitiatabath Road (Dats-
In) aid Wta (Data+ut) ayalao-t~ *BUS ~41~

tires •camdtt~ to ttm controllin~ tidaaa and
roflset thn ● -h futar OWIQ tbo of * B?U
owc th 2S1-11/2.

●ny opratimc ●ro wut-lly ●xclusiva and,
tharafor~, dictata ● rhared ■icroinstruction
field.

Microcode &nlopmt for the SPU io ●idad by
● cross Hots-Asomblar frm 14icroTtc Corpora-
ticm.* ?ollouing ● fiald ad ■monic definition
phasa, BPU coda io vrittm ●uch Iik- my convarr
tioml ●oomblm, ●xccpt that ● liw of code ■ ay
contain ● concatmatim of up to throa oparation
fioldo . A dnicmputar 4volo~mt ●tatinn,
●idd by ● diok oparsting syst=, SIIH tb ●taY
trmofar of formattod objoct film to m SW cen-
tral uory ●tiulator fo: ticrocoa Ambutins
prior to progrdnB tln fuss-link ?SM%. During
&b~, tho -U o~raca m a 1% clock rather
thm tlm mrml 7-Ms clock. T.W910pmt of
IAII-11/2 ae& for tlm roa: of tha Auxili=y Cor
trollar is *u. m tba damlopmt atatim uJinJ
tk a-m utility pm,- -m ●vaflabla m tln clink
Owratiog a~t-, Obj, t coda trsnOfW t~~~
plaa omr tha WC Datway to tb D~tm~y
Acaaoa Port.

ArPLIcATImB m mCLuBIm

TM WAC Auxiliary Cnntrollw Aancrihd ia
t~ di,tri~tod ~om@ciq •l~c,,t in bth #

-lim aontrol ●ppliatioa and ● him-r~ta
●qmrimnt in ths LAWF ●morfmantal ar-. rh~
ah- Spaaiml Promcoof Unit ba uda ths

WiciJ.ac, B4mD~dg, Carif-ia MM8, UBA
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Coatrollar a my -edos=y pat of kporkt
394, “Applicati~ of ?rotoo Caputed Tao~apby”
dm to Cm m -r ?3 bu= lim in lato my
19n. Tlu Controller will pafolm tln follouing
Owstimo: king tb *S LAWF ho
plm, tb =U will rm~ut up to 250, 16-bit

.mnt@ f- ● Hultiwim ?t-prtimal Mbar
(lWPC)/rm~talucmp mcdar B Tim Adlimy
Controll~ m~im molar tlm control of tkn tWU
follmiq tb baa plma ad histogras ttm HWPC
tits, Ulculatan tln ●cm of tbasa data,
hioto~as 11 rango-tslmco~ mrsya (bated upon
WC Aat-bim m ●ith~r •i~ of tln calculated
nun) md alculataa tlm■am of aach array. A
&t# capr~ooim of 10:1 is ●chia?d by doing the
analycio batweao ham WICQO of tlm MI@? boa.
Tb cmpr~ata ia finally reduced on a
lar~r -~ter to mconotrwt tb crooa -
stctional vi- of m objact scanned by tb proton
ham.

Va kvc sean ~ distributed promsoing cm. be
hplaented in a frm~ork bmcd upon the U.HiC
ifmcrmantatim stmdard, to~ttwr with the
clmanta of a WC Auxiliuy Controller.
Specifically, ● bi~-spad processor muplca t.
t;~ Auxilimy Controller provides t~ nearu by
which front-and proassing can be implemented in
● raaliotic way. Ttw #pacific ●pplicttim to
Cmputad Proton Taogr~@s it typicsl of thr
poooibla USC- of ouch techniques ●nd &vices
baaad upon otate-of-tti-art ●ltctrmico.
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I would liko to cqreco -y npecial tlunb to
Jerry M. Pottor, of tha WF technical otaff,
for hit ●id md support during tin &mlopent of
th Auxilimy Controller, snd to Dr. K@nneth H.
Em-on, of tk LAMP Practical Applicatims
Cro W, whosa ●xpertient in Cmputar Proton Tcno-
~a@y idaed provi&d ● &nmding tast casa for
tha =U.
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